An aqueous extract of yeast autolysate (Y.A., Difco), which was used as supplement for the B.D.M., was prepared by suspending log. powder in 100 ml. water and boiling for 15 min; water lost by evaporation was replaced. The cooled suspension was then filtered through a no. 1 Whatman filter paper. Evaporation of a sample of the filtrate to dryness and constant weight showed that it contained c. 60 mg. solute/ml.
The pH value of media was adjusted before autoclaving to 6-5 (B.D.H. indicator paper, 5.5-7-0) by the addition of N-NaOH. In experiments to test the effect of pH on growth, the pH was determined electrometrically to within k0.1 unit.
Media were autoclaved for 30 min. at 15 lb./sq.in. Glucose was autoclaved separately.
Growth tests. In the early part of this work, the amoebae were cultured in 10 ml. medium placed in 20 x 125 mm. screw-capped test tubes. The tubes were incubated at 2 3 ' and left undisturbed for 3 weeks, which was taken as the standard growth period. In most experiments the tubes were inoculated in duplicate and from the same culture. The inoculum size was adjusted to give an initial concentration of 1-5 organisms/mm.3. Growth was considered to have occurred when the concentration of cells a t end of the growth period was about 100 ~ells/mrn.~. In later experiments, when it was desired to follow the rate of growth in more detail, the organisms were grown in 50 ml. conical flasks which contained 10 ml. medium and which were plugged with cotton wool. Serial samples were taken from replicated cultures at intervals of 2-3 days over a period of 2-4 weeks.
Checks for sterility were made from time to time by inoculating samples of cultures into a variety of liquid and solid media which were incubated aerobically and anaerobically.
Counting. Growth was estimated by counting live amoebae in a FuchsRosenthal haemocytometer. The tube or flask was shaken vigorously for a definite number of times to dislodge the cells and a sample was immediately transferred with a clean, sterile Pasteur pipette to the counting chamber. Unless the suspension contained more than 1000 cells per 3 mm.3, all the organisms in 3 mm? were counted and the results expressed as the number of am~ebae/mm.~ of medium. The counting error was small and could be neglected in counts of less than 1000 organisms. With higher counts the sample was diluted whenever this was possible. This method was tested by following the distribution of cells in the counting chamber and then applying a Poisson calculation to the data (Fisher, 1941) . Nineteen samples taken from six cultures containing different concentrations of organisms (30-260 cell~/mm.~) were examined. The observed distribution was found to differ significantly (P < 0.05) from the expected in five out of the nineteen samples. Four of the significant differences occurred in samples containing less than 100 organisrn~/mm.~; it was concluded that the method was adequate for concentrations in the range 100-260 organisms/mm.3. When replicated counts were made on single cultures in this range, differences larger than would be expected from the error of random sampling occurred with a frequency of about 1 in 10 counts. Closer agreement with the Poisson distribution might have been achieved by performing the counts on killed organisms (Neff, Neff & Taylor, 1958) , since live organisms tend to form clumps or adhere to glass, In experiments on growth rate, the cultures were replicated so that the mean with its standard error could be calculated for each point on the curve. Droop (the Marine Station, Millport), citric acid (1000 pg.) was substituted for ethylenediamine tetra-acetic acid, di-sodium salt (EDTA) in the trace metal solution; at the same time citric acid was added to the medium. Under these conditions the amoebae grew without the addition of Y . A . Table 2 shows that slow growth was maintained through three subcultures in the modified B.D.M.
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containing (0.1 yo, w/v) citric acid. Simplification of the defined medium ( a ) Purines and pyrimidines. The omission of block P did not impair growth and since the amoebae have been carried through at least twelve subcultures in media without purines and pyrimidines it is concluded thsqt they can synthesize these substances. Nutrition of Acanthamoeba that only vitamin B,, was essential for growth. However, in media prepared with B,, as the only vitamin, the yield of organisms dropped in the third subculture and growth was absent in the fourth. The results of further experiments, which are presented in Table 3 , showed that thiamin was also essential for growth. It was subsequently confirmed that if either B1, (0.1 pg. yo, w/v) or thiamin (0.1 mg. yo) was omitted from the medium, growth ceased in the second transfer.
. ( c ) Amino acids. Ammonium nitrate (0*25%, w/v) was substituted for block A of the modified and simplified B.D.M. No growth occurred. The ten amino acids considered essential for the growing rat (block A : arginine to valine inclusive) were next tried, but these also failed to support growth. Each of the remaining 8 amino acids was added to a medium containing the ten essential acids. Growth occurred only in tubes containing glycine, but it was less than in the control tubes in which all 18 amino acids were present. The optimum concentration of block A was found to be three times that shown in Table 1 . A detailed analysis of the nitrogen requirements is now in progress.
Hydrogen-ion concentration. The effect of pH value on growth in modified and simplified B.D.M. was tested in the range 5-5-7-5. Growth was equivalent in the tubes in which the medium had been adjusted to pH 6.0, 6.5 and 7-0, but was decreased a t pH 5.5 and 7.5.
Chelating agents. When citric acid (other than that in the trace metal solution) was omitted from the simplified defined medium, a precipitate formed on autoclaving. This precipitate could be avoided by decreasing the concentration of the Ca and Mg salts from 4 and 80 mg. yo (w/v) to 0-4 and 8.0 mg. yo, respectively; growth was not affected. Nevertheless, when these concentrations were slightly exceeded some precipitation was likely to occur on autoclaving.
When the medium contained Ca and Mg salts at 4 and 80 mg. %, the minimal concentration of citric acid required to prevent precipitation was 0.05 yo (w/v); growth was not affected. Similarly, the citric acid could be increased K . M . G. Adam to 0.2 % without depressing growth. However, when the concentration of citric acid was raised to 0-5 yo the yield of organisms was halved as compared with control tubes which contained only 0.1 yo citric acid.
It was not found possible to substitute EDTA for citric acid in the present medium and obtain optimum growth. The least concentration of EDTA required to prevent precipitation on autoclaving was 15 mg. yo (w/v), but a t this concentration growth was decreased. When the concentration of EDTA was increased to 80 mg. yo, growth was absent. At this concentration there was enough EDTA to combine with all the Ca++ but not all the Mg++ in the medium; the addition of graded amounts of CaCl, to a medium containing 30 mg. yo EDTA restored growth but the yield was still diminished. initial part of each curve is of uncertain value and is shown with a broken line. Figure 2 shows the curves obtained when the amoebae were grown in 50 ml. conical flasks. Each point on the part of the curve representing logarithmic growth is the mean value obtained from eight flasks for each medium; thereafter only five flasks were used. Organisms used to inoculate tubes or flasks were taken from cultures already established in similar media. It was apparent that growth in the defined medium was comparable with that in Mycological peptone but that the rate of growth was slower. When enough time was allowed, the population size in the defined medium approached that in 1.6% (wlv) peptone. Growth during the log. phase could be studied satisfactorily only when the organisms were grown in flasks. The numerical results for the defined medium are shown in Table 4 . Exponential growth stopped at an approximately equivalent cell concentration (300/mm.s) and was independent of the nature of the medium. The total yield for each medium in flask cultures was greater than in tube cultures. Emrgy compounds. The information gained in the preliminary experiments suggested that glucose (0-25 yo, w/v) did not replace the effect on growth of Y.A. The question of the relative importance of acetate and glucose as energy compounds was therefore further studied. In two separate experiments amoebae were grown for 3 weeks in tubes containing defined medium to which sodium acetate or glucose was added in various concentrations. The results are shown in Table 5 carbohydrate in the two experiments was due to the use of an aged tracemetal solution in the first experiment, where the effect of acetate concentration was tested.
An attempt was made to test the effect of acetate and glucose on the rate of growth as distinct from the effect on yield. Media were therefore distributed in flasks and counts made at 2-or %day intervals up to 14 days when t Mean of counts from three flasks.
3 M.G.T., mean generation time.
growth was expected to be logarithmic. Counts were also made a t the end of 4 weeks to obtain the population size. The results of this experiment are shown in Table 6 . The rate of growth was independent of the acetate concentration in the range tested, but with glucose it appeared to vary directly with the concentration. The highest concentration of glucose tested produced the largest population but the rate of growth, as indicated by the mean generation time (M.G.T.), was less than in the media containing acetate. The pH value of the media at the end of 4 weeks' growth was measured electrometrically; in the flasks containing acetate it was 7.7, and in those containing glucose, 6.8. In a single experiment four flasks were set up with medium containing 0.1 yo (w/v) acetate. After 2 weeks' growth the pH of two of the flasks was decreased from 7 to 6 by the addition of N-HC~. At the end of 4 weeks' growth, the counts for the treated flasks were 1184 and 1274 amoebaelmm.3 and for the untreated, 646 and 601 arn~ebae/mm.~. This result showed that as the ! 8 amoebae used up acetate, the accumulation of base limited the size of the population. Further, when the pH of the medium containing acetate was controlled, the yield with 0.1 yo (w/v) acetate was similar to that obtained with 1-0 yo glucose.
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The most interesting result of this work on the nutritional requirements of Acanthamoeba sp. is that only two vitamins, namely B,, and thiamine, are essential for growth. A requirement for an exogenous source of B,, and thiamine is common among phyoflagellates and is regarded as characterizing auxotrophic algae (Provasoli, McLaughlin & Droop, 1957) . Further, when Ancanthamoeba sp. is compared with the other protozoa which can be grown in chemically defined media, namely Tetrahymena pyri,formis (Kidder & Dewey, 1951) , Herpetomonas (Strigomonas) culicidarum ( = Crithidia fmciculata) (Cowperthwaite, Weber, Packer & Hutner, 1953) , Leishmania tarentolae (Trager, 1957) and Strigomonas oncopelti (Newton, 1957) , although all need thiamine and other vitamins, Acanthamoeba is the only one which requires B12. A similar comparison of purine and pyrimidine requirements shows that Acanthamoeba and S. oncopelti are the only species which do not need an exogenous supply of purine or pyrimidine in common with auxotrophic algae. Systematic studies have shown that all the major groups of the Phytoflagellata have some representatives which are referred to as ' amoeboid ' or may have an amoeboid phase in the life cycle, whereas in the Sarcodina there are amoebae such as Naegleria, which may have a flagellate phase in the life cycle. Thus morphological observations indicate that some of the Sarcodina may be derived from the Phytoflagellata, but this is the first time that physiological evidence has been presented to substantiate this view. Although Acanthamoeba is plant-like in respect of vitamins and nucleic acid bases, it appears to be more animal-like in respect of amino acid requirements. However, until the nitrogen requirements have been fully analysed, this point must remain uncertain.
It is common experience that one of the obstacles to obtaining growth of protozoa or algae in chemically defined media lies in finding suitable concentrations of metals (Provasoli et al. 1957) . In the present study Acanthamoeba sp. grew equally well in defined media containing citric acid in the range 0.05-0.2% (w/v) . A t the lower concentration the ratio of chelator to added metal ion (by equivalents and excluding Na+ and K+) was 0.8: 1. When EDTA was substituted for citric acid in the same medium a t a minimal concentration (0-015 yo, w/v) the chelatorlmetal ratio was 0.12: 1. The poor growth obtained in this medium did not appear to be due to under-chelation, since growth was completely inhibited when the concentration of EDTA was raised to 0.03%. However, since EDTA has a high affinity for Ca++ and Mg++ (Martell & Calvin, 1952) , the EDTA available for chelation may have been largely &om-bined with these cations and their concentration thus decreased below the optimum for growth, a t the same time leaving the concentration of the heavy metals too high. Since citric acid forms less stable chelate compounds, even when it is present in excess the concentration of metal ions will be relatively high, and a metal balance favourable to growth is more readily obtained. Citric acid was shown not to be an essential metabolite but was required to keep metals in solution. Neff et al. (1958) havc shown that Acanthumoebu sp. is aeroboic with a relatively high rate of endogenous respiration ( 1 2 0 4 O,/hr./mg. N at 28O), and that it grows better in shallow than deep stationary cultures. It is thus probable that the slow rate of growth and low yield of amoebae obtained in screwcapped test tubes were due to 0, deficiency. The same volume of medium placed in flasks supported three to six times the population, and logarithmic growth persisted for a longer period. The observation that exponential growth stopped a t about the same concentration when the amoebae were grown in different media is perhaps not surprising: the amoebae are more dense than the medium and require a surface for growth in stationary cultures.. An approximate estimation shows that a t this concentration the amoebae, when expanded, would cover one-half of the surface available. The rate of growth could no doubt be improved if the amoebae were grown at 28"-30" which Neff et al. (1958) have shown to be the optimum temperature.
Neff (1957) showed that Acanthamoeba sp. grew only poorly in*a medium of peptone and salts unless l . O( -$, (w/v) glucose was added; Reich (1935) made a similar observation with Mayorella palestinensis. Although glucose appeared to be essential for growth, neither Neff et al. (1958) nor Reich (1948) was able to show stimulation of the respiration when glucose was added to suspensions of amoebae in a Warburg apparatus. A comparison of the effect of glucose and acetate on the growth of Acanthamoeba in defined medium has shown that acetate stimulates growth, and that the rate of growth appears to be independent of the acetate concentration. Glucose also stimulates growth but the rate of growth increases with the glucose concentration; and indeed, exceptionally high concentrations of glucose are required before the rate of growth approaches that obtained with acetate. The observations on the effect of acetate on growth are consistent with the view that the undissociated acetate molecule enters amoebae readily. The observations on the effect of glucose on growth suggest that this molecule does not enter the cell through the surface but only becomes available for metabolism when ingested in food vacuoles. This suggestion is supported by the experime'nts of Chapman-Andresen & Holter (1955) on glucose intake in Chaos chaos. These authors showed that uniformly 1%-labelled glucose entered the cell rapidly and was metabolized only when the amoebae were induced to form pinocytosis vacuoles. The fact that many algal flagellates are able to use only a limited range of nutrients for growth may be related to the impermeability of the cell membrane. With the loss of chlorophyll and a shift towards an animal mode of nutrition, either the cell membrane must become permeable to a wider range of nutrients, or the organism could becbme phagotrophic. Acanthamoeba is undoubtedly phagotrophic and can be seen forming food vacuoles in fluid media. Hence the stimulant effect on growth of increases in the concentration of nutrients in the medium could be explained by ingestion of the medium rather than by the diffusion or active transport of nutrients into the cell.
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